ABSTRACT Insect herbivores have been assumed to be more abundant in agricultural habitats than in native habitats; however, this hypothesis is rarely tested explicitly by comparing Þeld populations of domesticated plants and their wild ancestors. This study examined the abundance of the sunßower moth, Homoeosoma electellum (Hulst), and its parasitism by natural enemies in agricultural and native sunßower habitats. Nutrient levels and plant population factors in the two habitat types were measured to identify factors associated with the patterns of herbivory and parasitism. Adult male and larval H. electellum were consistently more abundant in agricultural habitats. In contrast, parasitism of H. electellum was 6 Ð10 times higher in native sunßower habitats than in agricultural habitats. Also, fewer parasitoid species were found in agricultural habitats, and parasitism by individual parasitoid species was reduced by 90%. Larval densities per ßower head were higher on agricultural plants, but parasitoids failed to respond to the higher densities. The relationship between ßower age and larval infestation differed between agricultural and wild ßowers; larval age tracked agricultural ßower age, but on wild ßowers, larvae moved from older to younger ßowers. Among the three nutrients sampled, only nitrogen was positively correlated with habitat differences. These results indicate that patterns of trophic interactions varied by habitat type and were related to plant phenotypic changes and environmental habitat factors such as crop domestication, nitrogen fertilization, and plant phenology.
INSECT HERBIVORE POPULATIONS are thought to be more abundant in agricultural habitats than in native habitats (Elton 1958 , Murdoch 1975 , Risch 1987 . Although this view is widely held, few studies have explicitly tested this assumption by comparing Þeld populations of insects on domesticated plants and their wild ancestors. Many researchers have focused on whether the reduced plant diversity characteristic of agricultural systems may result in higher herbivore abundance (MacArthur 1955 , Elton 1958 , Pimentel 1961 , Root 1967 , Risch et al. 1983 , Russell 1989 , Andow 1991 . However, other factors that differ between agricultural and native habitats may also contribute to higher herbivore abundance such as greater availability of abiotic resources in agricultural habitats through irrigation and fertilization, changes in plant quality and characteristics through domestication and breeding (Rosenthal and Dirzo 1997) , uniformity of plant phenology (Risch 1987) , alteration of natural enemy activity (Vargas et al. 1993 , Fox et al. 1996 , Hawkins et al. 1999 , and differences in the length of association between insect herbivores and their host plants (Murdoch 1975 , Risch 1987 .
Trophic ecology provides a useful framework for examining how factors regulate herbivore abundance.
Since Hairston et al. (1960) put forth the "world is green" hypothesis, trophic ecologists have debated whether herbivore populations are regulated by bottom-up factors, through resource limitation, or by topdown factors, through the activity of natural enemies. More recently, it has been accepted that both topdown and bottom-up factors may interact to regulate herbivores, and examination of variability within trophic levels and along environmental gradients may clarify their relative importance (Hunter and Price 1992) . For example, increases in environmental productivity may increase the relative importance of topdown effects (Fretwell 1977 , Oksanen et al. 1981 , Okasanen 1990 .
Direct contrasts of agricultural and native habitats provide a means to examine a wide range of factors associated with trophic interactions. Many of these factors identiÞed as important determinants of herbivory have been either explicitly or accidentally altered through crop domestication and cultivation (Welter 2001) . For example, agricultural and native habitats form an artiÞcially differentiated productivity gradient through fertilization. While the inßuence of fertilization on trophic interactions or herbivore abundance is difÞcult to predict, studies have found that fertilization can either disrupt top-down control (Walde 1995) , or stimulate greater top-down effects (Forkner and Hunter 2000) . Similarly, plant morphology, phenology, and chemistry have been altered by crop domestication (Evans 1993) , and may impact trophic interactions (Benrey et al. 1998) .
The domesticated sunßower Helianthus annuus variety macrocarpus L. is one of a handful of cultivated crops native to North America (Harlan 1971 , Evans 1993 ) and grown sympatrically with its wild progenitor, H. annuus variety annuus L., with which it may hybridize Rieseberg 1997, Whitton et al. 1997) . Among the large herbivore fauna associated with sunßowers in North America, the sunßower moth, Homoeosoma electellum (Hulst), is considered the most widespread and economically damaging (Schultz 1978 , Charlet et al. 1997 . H. electellum attacks both agricultural and wild sunßowers by feeding on the ßorets and seeds of the head (Rogers 1978) . Females typically lay their eggs among the ßorets (Drake and Harris 1926) , and eggs take 2Ð5 d to hatch (Satterthwait and Swain 1946, Randolph et al. 1972) . Early instar larvae feed on pollen and ßorets, and older larvae burrow into the capitulum to feed on seeds (Rogers 1978) . Pupation occurs in the soil (Carlson 1967, Teetes and Randolph 1970) , and the entire life cycle requires Ϸ3Ð 4 wk to complete in the Þeld (Randolph et al. 1972) .
Homoeosoma electellum has been observed to infest a higher percentage of agricultural sunßowers than wild sunßowers in the midwestern United States (Teetes and Randolph 1969) . A large parasitoid assemblage attacks H. electellum on wild sunßowers (Charlet 1999) , however fewer parasitoid species and lower parasitoid impact were found on domesticated sunßowers than on wild sunßowers in Texas (Teetes and Randolph 1969) . We expanded on the study by Teetes and Randolph (1969) by comparing H. electellum abundance and parasitoid impact in agricultural and native sunßower habitats in multiple sites and across several years, while also identifying factors that may be related to increased herbivore abundance.
The Þrst objective of this study was to establish whether adult moth abundance, moth larval abundance, parasitoid impact, and parasitoid assemblages differ between native and agricultural sunßower habitats, and how these differences varied between years. Using these Þeld comparisons, we asked whether H. electellum abundance was higher in agricultural habitats relative to native habitats, and whether differential parasitoid impact may be related to patterns of H. electellum abundance. The second objective was to identify which abiotic and plant population factors were correlated with patterns of herbivory and parasitism for future manipulative studies.
Materials and Methods
Study Site. Agricultural sites used in this study were located throughout Yolo County, CA. Two native sunßower sites were found in the Stone Lake National Wildlife Refuge, in Sacramento County, CA: the Elk site was located in the northern portion of the refuge (38Њ 25Ј N, 121Њ 29Ј W) and the Hood site in the southern portion (38Њ 22Ј N, 121Њ 30Ј W). The third native sunßower site was located in the Yolo Bypass Wildlife Area (38Њ 33Ј N, 121Њ 36Ј W). In this article, we use the terms wild and agricultural sunflowers to refer to the sunßower genotypes. The term habitat denotes where particular sunßower genotypes are predominantly found and the land management practice used. Although wild and agricultural sunßowers can hybridize, it rarely occurs in this region and hybrids can be easily distinguished morphologically (Y.H.C., unpublished data). In this region, domesticated sunßowers are typically grown to produce hybrid oilseed, and a strict isolation distance of 3.2 km is maintained between agricultural and native sunßower habitats to maintain seed purity, thereby precluding the direct pairing of agricultural and native habitats. Average size of the Þve agricultural habitats was 22.42 Ϯ 2.90 ha, and the three native sunßower habitats were approximately between 2 and 10 ha.
The reproductive system for hybrid sunßowers has been artiÞcially selected to differ from wild sunßow-ers, which are dioecious but self-incompatible (Seiler and Rieseberg 1997) . To produce commercial hybrid seed, a sterile parent, conventionally called "female" because of the lack of anthers, is crossed with a monoecious parent, or "male" (Seiler and Rieseberg 1997) . Therefore, commercial sunßower Þelds in this region of California typically have two plant genotypes within each Þeld. Genetic diversity of wild sunßowers is much greater than that of agricultural ones (Rieseberg and Seiler 1990, Arias and Rieseberg 1995) , and, therefore, native sunßower habitats contain numerous genotypes. Agricultural genotypes known to be particularly susceptible to H. electellum were avoided to provide a more conservative contrast of the two habitats (A. Raysack, personal communication, Pioneer Hi-Bred, Woodland, CA) .
Moth Abundance in Agricultural and Native Habitats. H. electellum adult abundance was monitored in three agricultural and three native sunßower habitats using pheromone traps speciÞc for H. electellum (model CM, Trece, Salinas, CA) for 9 wk, from 22 June until 18 August in 1998. In all Þelds, three traps were set 100 m apart and hung slightly above the plant canopy from PVC poles. In agricultural Þelds, traps were set along a randomly chosen row avoiding the edge of the Þeld. In native habitats, traps followed a randomly designated linear transect through the middle of the Þeld. All traps remained in the same location throughout the season except in agricultural Þeld 3, where traps were moved on 1 July from the edge to the center of the Þeld to avoid disrupting an overhead irrigation system. Trap height was adjusted upward as the plants grew. Each week, the number of adult males caught in the trap was recorded and moths were scraped from the bottom of the trap, which was coated with sticky glue. All traps were read on the same day. Pheromone lures and trap bottoms were replaced every 4 wk. On 24 August, one agricultural Þeld and the Elk site were plowed, ending the study at these locations. Traps continued to be monitored in the two remaining agricultural Þelds until they were harvested on 14 September. Pheromone traps at the Hood and Yolo Þelds were monitored until 16 November, when the traps did not catch any more moths.
Agricultural and native habitats were sampled in 1998 and 1999 for differences in larval density of H. electellum. Larval abundance was sampled on three dates during the summer of 1998 (7 July, 28 July, and 19 August), and on two dates in 1999 (20 June and 10 August). Due to the abbreviated ßowering phenology of the domesticated sunßower, each agricultural habitat was sampled only once. On each date in 1998, one agricultural habitat and three native habitats were sampled, except on 19 August when only two native habitats were sampled, because the Elk Þeld had been plowed. In 1999, different pairs of agricultural and native habitats were sampled on both dates. The Stone Lake Wildlife refuge could not be sampled in 1999 due to low germination rates of wild H. annuus. Therefore in 1999, the sampled native Þelds were all located within the Yolo Bypass Wildlife Area, and were separated by Ͼ1 km of marshland and mixed valley prairie.
One week after peak bloom in agricultural Þelds, larval density was determined using a nested plot sampling scheme. For each Þeld, three 1-m 2 plots were sampled along each of three randomly determined transects for a total of nine plots per Þeld. The Þrst plot of each transect was determined randomly and subsequent plots were located 33 m apart. Within each 1-m 2 plot, Þve plants were randomly selected in native Þelds. In agricultural habitats, three "male" and "female" plants were selected for a total of six plants. We used the plant as the sampling unit, because the number of ßower heads per plant are variable on agricultural and wild sunßowers. Flower heads were removed from the sampled plants and placed into plastic bags. Samples were kept at 9ЊC in a walk-in cold room until examined 1 wk later. The instar and number of H. electellum larvae were determined for the sampled ßower heads. The developmental stage of each sunßower was classiÞed into groups according to the following criteria: stage AÑϽ50% of the disk ßowers were open; stage BÑϾ50% of the disk ßorets were open; stage CÑ disk ßowers had completed ßowering, and Ͻ50% of the seeds had set; stage DÑall seeds had set and the ßower tissue had begun to senesce.
Differences in the average number of moths caught per Þeld in the pheromone traps were analyzed using a Wilcoxon rank-sum test for each date, because the data were not normally distributed and contained many zeroes. We analyzed the larval abundance data by using the average larvae/plant per plot to account for the difference in number of plants sampled per plot between habitats. The larval sample dates were grouped into three categories: early, middle, and late. The average larvae per plant per plot was analyzed in a generalized linear model with S-Plus 4.5 (Mathsoft 1998) specifying Poisson errors with the factors of habitat, plot nested in Þeld, sample year, and sample date using the full dataset with three native habitats per date. Another reduced dataset was analyzed using one randomly chosen native habitat for each sampling date. Similar results were obtained from both models; therefore only the model with the entire dataset is presented. The signiÞcance of variables removed from the overall model was determined using an analysis of deviance (ANODEV), where the deviance associated with each variable approximates the chi-square distribution (Selvin 1998) . In a separate analysis, the relationship between ßower age and larval age on wild and agricultural ßowers was examined by pooling data across sites and sampling dates from the larval sampling and parasitism study, which is described in the following section. Independence of domestication and larval presence was tested using a G-test (Sokal and Rohlf 1994) . A log-linear model was performed with S-Plus 4.5 (Mathsoft 1998) to test for independence between ßower type, larval age, and ßower age, and the signiÞcance of the interactions was tested using an ANODEV.
Parasitism in Agricultural and Native Habitats. We assessed parasitoid impact on H. electellum larvae in native and agricultural habitats in 1998 and 2000. Agricultural habitats were sampled a week after full Þeld ßowering, when ßowers in agricultural Þelds were in the B and C ßower head stage, to target maximum larval abundance (Depew 1983) . Native habitats were sampled within 2 d of the agricultural sampling date. The presence of larvae on agricultural ßower heads could easily be detected by the presence of frass on the face of the ßower. On wild sunßowers, infested ßowers were found by the presence of yellowishgreen silk on the face of the ßower. In 1998, agricultural and native habitats were sampled for parasitism on 20 July, 31 July, and 12 August to determine temporal variation in parasitism. On each sampling date, equal numbers of ßowers were sampled from each habitat, and the sample size ranged from 50 to 100 infested sunßowers between dates. In 2000, three native and three agricultural habitats were sampled on 20 August to determine the variation in parasitism between Þelds on the same date. Five to 10 ßowers were collected at each randomly designated sample point, and a total of 10 locations was sampled per Þeld.
Flower heads were placed into plastic bags and kept at 9ЊC until processed within a week. Larvae were placed individually into a 28-ml plastic cup with artiÞcial diet (Wilson 1990 ) and reared at 23ЊC. After 4 wk, the samples were scored for the number of emerged adults (A), parasitoids (P), and dead (D) individuals. Parasitoids were identiÞed to species when possible (voucher specimens were identiÞed by Michael Sharkey, Department of Entomology, University of Kentucky; David Wahl, American Entomological Institute; Norman Woodley, Systematic Entomology Laboratory, Agricultural Research Service, USDA).
Percent parasitism was calculated as (P/[AϩP])‫001ء‬ per Þeld. Dead individuals were not included in the calculation, because their exact cause of death could not be determined. Percent parasitism in agricultural and native habitats was analyzed with a Wilcoxon rank-sum test in S-Plus 4.5, because the data were not normally distributed, but exhibited similar shapes. For Þeld parasitism levels in 2000, the data were tested using the same procedure, but with a normal approximation of the Wilcoxon rank-sum test for tied ranks (Lehmann 1975 ). Parasitism by the major parasitoid species were compared using a StudentÕs t-test, or a Wilcoxon rank-sum test depending on whether the data were normally distributed. The number of parasitoids that emerged from a Þeld was regressed against total number of larvae per ßower head in a standard linear regression in JMP 4.0.2 (SAS Institute 2000).
Factors Correlated with Habitat Types. Soil nutrient levels and plant population characteristics were measured in agricultural and native habitats to identify potential environmental factors associated with patterns of trophic interactions. Soil samples were taken from three agricultural and three native Þelds on 14 July in 1998. Within each Þeld, soil cores were taken at three random points by pushing a 7-cm-diameter auger to a depth of 15 cm. The soil samples were placed into a paper bag, and samples were dried for 2 wk at 75ЊC. Samples were weighed 3, 6, 7, and 13 d later to ensure that the weights had stabilized. After they were completely dry, the soil cores were mixed and ground using a soil grinder Þtted with a 0.54-mm mesh screen. Overall soil fertility was tested using the levels of three soil macronutrients: available nitrate and ammonium (Carlson 1978 , Keeney 1982 , extractable phosphorous (Olsen et al. 1954) , and exchangeable potassium (Knudsen et al. 1982 , Franson 1985 ; University of California, Division of Agriculture and Natural Resources Analytical Lab, Davis, CA). Differences in soil fertility between habitat types were tested by a MANOVA using S-Plus 4.5 (Mathsoft 1998 ). A discriminant analysis tested whether the two habitats could be differentiated based upon the fertility scores. This analysis also identiÞed the most important factors used to differentiate habitat types by determining the most important standardized coefÞ-cient (Selvin 1998) .
During 1998, plant density, ßower morphology, and phenology of H. annuus in native habitats were assessed and compared with those from agricultural habitats. Plant density was assessed in three native habitats using 10 plots (1 m 2 each) located 50 m apart on 8 June. For each plot, the number of plants was counted. Variation in the number of plants per plot between habitats was tested using a nested analysis of variance (ANOVA) in JMP 4.0.2 (SAS Institute 2000). These density estimates were compared with those from agricultural Þelds, where the average density per 1-m 2 plot corresponded to commercial recommendations for planting distances: 20.3 cm for females and 15.2 cm for males. All ßowers from the larval sampling study were measured on 7 July, for a total of 45Ð54 plants measured for each of the three Þelds per habitat. Flower morphology was determined by measuring the diameter of the ßower face and the depth of the ßoral column using digital calipers. The maximum ßower diameter and depth per plant was compared between habitats with a MANOVA test in JMP 4.0.2 (SAS Institute 2000). Eight of the 10 plots in the three native habitats were revisited on 11 August to determine the density of ßowering plants. To determine the ßowering phenology, the 10 permanent plots located at the Hood site were revisited weekly. Each week, Þve randomly chosen plants were selected; the number of ßowers per plant was counted and the ßowering stage of each ßower was recorded. In agricultural habitats, the distribution of ßower age was taken when the larval density was sampled.
Results

Moth Abundance in Agricultural and Native
Habitats. Male moth abundance was higher in pheromone traps placed in the agricultural habitats throughout the 1998 season (Fig. 1 ). There were signiÞcantly more moths in agricultural habitats on 20 July, 10 August, and 18 August (Fig. 1) . Overall mean trap catch was about 10 times higher in agricultural habitats (10.56 Ϯ 1.60) than in native habitats (1.89 Ϯ 0.49). Trap catch was highest in August, and dropped to zero in October (Fig. 1) . In native habitats, trap catch peaked on 24 August and 21 September (Fig. 1) . In agricultural Þelds, peaks in trap catch were larger and occurred on 20 July, 17 August, and 14 September. The number of moths caught in different agricultural Þelds was highly variable, and may be due to the different ßowering times for each agricultural Þeld. In agricultural Þelds, the traps continued to catch high numbers after plants had completed ßowering on 24 August, indicating that moths were still present in the Þelds. At the end of the season, H. electellum populations continued to be present in native habitats at low levels until 16 November (Fig. 1) .
Homoeosoma electellum larval abundance per plot varied signiÞcantly by habitat and sample date, but there was no signiÞcant difference between years (Table 1) . Furthermore, patterns of larval abundance over the season differed by habitat, shown by an interaction between date and habitat (Table 1) . Average larval abundance per plant over all dates was 200 times greater in agricultural habitats than in native habitats (Fig. 2) . At peak larval abundance on 19 August in 1998 at the Stone Lake Wildlife Refuge, there were 0.05 Ϯ 0.03 larvae per plant and 9.76 Ϯ 1.93 larvae per plant in agricultural habitats. The data shown in Fig.  2 are expressed per plant, to account for the slight difference in the number of plants sampled per plot. Based on an estimated density of ßowering plants at Stone Lake on 19 August, there were Ϸ353.50 plants per 1-m 2 plot, yielding an estimate of 3.54 larvae per plot. In contrast, Ϸ11 plants per m 2 were found in agricultural Þelds yielding an estimate of 107.36 larvae per 1-m 2 plot. Therefore, more larvae were found in agricultural habitats even when adjusted for the higher plant density in native habitats.
Larval abundance was higher in agricultural habitats regardless of whether it was expressed on a per ßower, per plant, or per plot basis (Table 2) . Table 2 expresses average larval abundance over Þve plants in both habitats. Larval abundance was also signiÞcantly higher in agricultural habitats when expressed per ßower ( 2 ϭ 250.32, df ϭ 1, P Ͻ 0.0001) and per plot ( 2 ϭ 3390.13, df ϭ 1, P Ͻ 0.0001). Statistical analysis showing that larval abundance per plant was higher in agricultural habitats can be found in Table 1 . Therefore, larval infestation was higher in agricultural habitats regardless of the unit of measure.
For both years, a higher proportion of the agricultural ßower samples were infested with H. electellum larvae (G ϭ 98.38, df ϭ 1, P Ͻ 0.0001). Over all samples in 1998, H. electellum larvae infested 33.2% agricultural ßowers, while only 3.2% of wild sunßowers were infested. The pattern was repeated in 1999, when 14.76% of agricultural ßowers were infested, but no sampled wild ßowers were infested. For both years combined, 18.3% of agricultural ßowers were infested, while only 2.5% of wild ßowers were infested (Fig. 3) . Larval densities on infested ßowers ranged from 1Ð138 on agricultural ßowers, while only 1Ð2 larvae were found on wild sunßowers (Fig. 3) . Average larval densities per infested ßower were 15.75 Ϯ 2.23 on agricultural ßowers and 1.08 Ϯ 0.08 on wild sunßowers over the entire season. Therefore, agricultural sunßowers were more frequently attacked, and on average, supported a larger number of larvae than wild sunßowers.
Larval age distribution was related to ßower age but this relationship varied with domestication status, indicated by a three-way interaction between plant genotype, larval instar, and ßower stage ( 2 ϭ 34.30, df ϭ 9, P Ͻ 0.001). The equal distribution of larval ages on wild sunßower ßoral stages from A to C suggests that new eggs may be laid on wild sunßowers after anthesis (Fig. 4A) . On wild sunßowers, all larval stages were present in ßower stages A through C, but no larvae were found in ßower stage D (Fig. 4A) , demonstrating that this ßower stage was unsuitable for larval development. Furthermore, fourth-and Þfth-instar larvae were found on newly opened wild sunßowers, and larvae may migrate from older to younger ßower heads to complete their development. The absence of Þrst instar larvae on agricultural ßowers in stage A (Fig. 4B ) may be a result from the sample processing technique, which involved tearing open the ßower head. In contrast to patterns observed on the wild sunßower, larval age distribution tracked agricultural ßower age; older larvae were found on older ßower stages and younger larvae on younger ßower stages (Fig. 4B) . The presence of larvae on agricultural stage D ßowers suggests that agricultural ßowers are suitable for larval development for a longer period of time than on wild ßowers. The majority of ßowers sampled in both habitats during the larval sampling were in stages AÐC. In the native habitat, the exceptions were 4 August and 19 August, where the percentages of ßowers in stage D were 3.33 and 0.38%, respectively. Furthermore, the percentage of ßowers in stage D was relatively low during the sample period (8 July until 19 August) in the native habitat. Although larvae were absent on ßowers in stage D, it does not change our estimate of larval abundance, because stage D ßowers were a very small percentage of the total samples and larvae were found on all other ßower stages.
Parasitism in Agricultural and Native Habitats. Sixty to 70% of the larvae emerged as adults per year, whereas 28 Ð29% of the sample larvae died before emergence. Mean percent parasitism per Þeld was consistently higher in the native habitat (33% Ϯ 0.06) than the agricultural habitat (3.2% Ϯ 0.015), if pooled over three sampling dates in 1998 ( Fig. 5 ; Wilcoxon rank-sum test, 2 ϭ 3.86, df ϭ 1, P ϭ 0.049). In 2000, higher parasitism levels per Þeld were found in native habitats (16% Ϯ 0.06) than in agricultural habitats (1% Ϯ 0.003), when parasitoid impact was compared be- 5 . Mean Ϯ SE percent of H. electellum larvae parasitized in an agricultural and wild habitat over three dates during 1998. An asterisk (*) denotes signiÞcant differences using a Wilcoxon rank-sum test ( 2 ϭ 3.86, df ϭ 1, P ϭ 0.049).
tween three replicate Þelds on the same sampling date ( Fig. 6 ; Wilcoxon rank-sum test with tied ranks, Z ϭ 1.77, P ϭ 0.038). Overall parasitism levels were lower in native habitats in 2000 than in 1998; parasitism in the Stone Lake Wildlife Refuge was especially low at 4%, whereas parasitism levels at the other two native habitat sites were more similar between the years (Fig. 6 ). The particularly low parasitism levels at the Stone Lake site may be related to a crash in the native sunßower plant population the previous year. In 1998, parasitoids successfully attacked at least one larva on a higher proportion (23% Ϯ 0.013) of wild sunßowers than agricultural ßowers (7% Ϯ 0.04; t ϭ Ϫ4.831, df ϭ 4, P Ͻ 0.01). For parasitoids that successfully landed on infested ßowers, their ability to attack larval hosts may vary by plant domestication status. Based on the frequency distribution of the moth larvae shown in Fig. 3 , parasitoids were never exposed to high larval densities in wild ßowers, but frequently encountered high host densities on agricultural sunßowers. Parasitoids failed to respond to higher host densities in a density dependent manner, because there was no relationship between the number of parasitoids emerging from a ßower head and the density of larvae on agricultural ßower heads (F ϭ 0.162, R 2 ϭ 0.0009, P ϭ 0.69). The lack of response was striking; although Ͼ50 larvae were present on some ßower heads, no more than two larvae were parasitized per ßower head.
In addition, the parasitoid assemblage attacking H. electellum was reduced in agricultural sunßower habitats compared with native habitats (Table 3) . Four out of the seven species that were found in native habitats were also in agricultural habitats (Table 3) . Additional parasitoids that were not found in native habitats were as follows: Bracon nuperus Cresson, Trichomma maceratum Cresson, and the hyperparasitoid Perilampus spp., which attacked D. homoeosomae and P. spinator. The two parasitoids with the highest parasitism levels in both habitat types were D. homoeosomae and P. spinator. In the native habitat, D. homoeosomae parasitized 12% of the larvae and P. spinator attacked 5% of larvae. Both parasitoids attacked the Þrst and second instars of H. electellum, and parasitism was signiÞcantly reduced by over 90% in agricultural habitats (Table 4) . Similarly, parasitism by all other parasitoids found in both habitats showed a similar 90% reduction in agricultural habitats. Therefore, the lower parasitism rates in agricultural habitats resulted from a reduced parasitoid assemblage coupled with a lower parasitism rate for individual parasitoid species.
Factors Correlated with Habitat Types. Soil fertility levels were signiÞcantly different between native and agricultural Þelds (Mahalanobis distance ϭ 2.35; Wilks ϭ 0.61, P Ͻ 0.05). Nitrogen levels were substantially higher in agricultural Þelds, while other soil nutrients did not differ signiÞcantly between the habitats. Total nitrogen was assigned the largest standardized discriminant coefÞcient, indicating that nitrogen level was the most important factor in differentiating native and agricultural habitats. The discriminant classiÞca-tion test was effective in differentiating agricultural and native habitats with an error rate of 12.5%.
Plant factors also differed between agricultural and native habitats. Flowering plant density was 2Ð 6 times higher in native habitats than in agricultural habitats. Although ßowering plant density was quite variable in native habitats, with 61.29 Ϯ 11.29 at Hood, 43.88 Ϯ 11.81 at Elk, and 20.63 Ϯ 4.51 at Yolo, plant density did not signiÞcantly differ between sites (F ϭ 0.24, df ϭ 2, 18, P ϭ 0.97). In agricultural habitats, Ϸ11 plants per m 2 were found with little variation between Þelds due to uniform planting distances. Therefore, ßowering plant density was lower in agricultural habitats than in native sunßower habitats. Agricultural plants had more ßowers (2.77 Ϯ 0.13) than wild plants (1.54 Ϯ Fig. 6 . Individual and mean Ϯ SE percentage of H. electellum larvae parasitized in three agricultural and three native habitats (SLÑStone Lake, YNÑYolo By-Pass north, YSÑ Yolo By-Pass south) on 20 August 2000. An asterisk ‫)ء(‬ denotes signiÞcant differences using the Wilcoxon Rank-sum test for tied ranks (Z ϭ 1.77, df ϭ 1, P ϭ 0.04). Asterisks (**) indicates a signiÞcant difference (P Ͻ 0.01) using a students t-test. A single asterisk (*) indicates a signiÞcant difference using a Wilcoxon rank-sum test (P Ͻ 0.05).
0.06; t ϭ 10.14, df ϭ 662, P Ͻ 0.0001) in 1998. The pattern was repeated in 1999, with 4.53 Ϯ 0.38 ßowers on agricultural plants and 1.12 Ϯ 0.04 ßowers on wild plants (t ϭ 7.48, df ϭ 182, P Ͻ 0.0001).
Agricultural ßowers were also larger in diameter and depth (WilksÕ ϭ 0.53; df ϭ 1, 194; P Ͻ 0.0001). Agricultural ßower depth (3.35 Ϯ 0.32 cm) was larger than wild ßower depth (1.43 Ϯ 0.02). There was a Þvefold difference in ßower diameter, with 9.46 Ϯ 0.40 cm for agricultural ßowers and 1.79 Ϯ 0.04 cm for wild ßowers, translating to a 28-fold difference in area if calculated as a circle. If the larval abundance data (Table 2) is adjusted by 28 to account for the difference in ßower size, agricultural habitats still had on average more larvae. Therefore, the larger size of agricultural ßowers may contribute to higher larval abundance, however, other factors may be operating as well.
Patterns of ßowering phenology differed by habitat. Flowering phenology in native habitats gradual shifted over 10 wk from younger ßowers (A-B) to older ßow-ers (C-D) at the population level (Fig. 7) . In contrast, ßowering at the population level was more synchronized in agricultural habitats because of the uniform planting date (Fig. 8) . For each sample taken in an agricultural Þeld, Ͼ75% of the samples could be grouped into two sequential ßower stages (Fig. 8) . Furthermore, ßowering in each agricultural Þeld occurred in an abbreviated time period compared with native habitats. After about 3 wk from Þrst ßowering, 83% of the ßowers were in stages C and D.
Given that sunßower moth larval age tracked ßower age on agricultural ßowers (Fig. 4A ) and given the synchrony of ßowering within agricultural Þelds (Fig.  8) , it is likely that the majority of ßowers in agricultural Þelds were unavailable for further moth attack after 4 wk, because only a single moth generation can complete development within this time period. In native habitats, wild ßowers in stage A and B, which were suitable for attack, were present in the Þeld until the end of the season (Fig. 7) . Additionally, all larval instars were found on wild ßowers in stages A through C (Fig. 4B) . Therefore, it is likely that larvae depend upon the continual availability of young ßowers to complete their development in native sunßower habitats.
Discussion
Patterns of trophic interaction differed between the two habitat types. Although H. electellum populations were consistently more abundant in agricultural habitats, moth populations remained low during the same period in native habitats. In contrast, parasitoid activity was much lower in agricultural habitats than in native habitats. These patterns suggest that H. electellum, as a native herbivore, is more regulated by parasitoids in native sunßower habitats than in agricultural habitats. This study also has highlighted that multiple factors may contribute to these patterns of trophic interaction. Many characteristics differed between the habitats, such as: fertilization in agricultural habitats, changes to plant characteristics by domestication, and plant population factors. Further study of these factors related to patterns of herbivore abundance and parasitism may promote greater understanding as to what controls H. electellum abundance in agricultural systems.
The observed differences in trophic interactions are likely related to the phenotypic changes associated with sunßower domestication. Plant morphological characteristics often mediate herbivore-parasitoid interactions (Price et al. 1980 , Price 1986 , Andow and Prokrym 1990 , Grevstad and Klepetka 1992 , Feder 1995 , Udayagiri and Welter 2000 . In this study, agricultural sunßowers were much larger than wild ßow-ers and they supported higher numbers of H. electellum, suggesting that there may be differences in moth ovipositional responses or larval survivorship between domesticated and wild ßowers. The increased ßower size of agricultural ßowers may also inßuence parasitism levels by altering parasitoid foraging behavior.
Factors associated with cultivation may also inßu-ence patterns of herbivory and parasitism. Fertilization of agricultural habitats may promote H. electellum growth rate, because nitrogen has been identiÞed as one of the most important resources limiting insect herbivore development (Mattson 1980 , White 1984 . If fertilization improves sunßower plant quality, larvae may develop more rapidly through the "window of vulnerability," thereby escaping parasitism (Craig et al. 1990 ). Differences in plant ßowering phenology between agricultural and wild ßowers may also inßu-ence trophic interactions. Larval age clearly tracked ßower age on agricultural plants, but on wild plants, late instar larvae were found on newly opened wild ßowers. This pattern may result if wild plant development causes ßowers to become unpalatable sooner, forcing H. electellum larvae to migrate from older ßow-ers to younger ones to complete development. If larvae must relocate to younger ßowers, it may increase exposure to natural enemies, a potentially important factor in regulating H. electellum population abundance in native habitats. Predator impact has been implicated as the predominant source of herbivore regulation in some native systems (Hawkins et al. 1999) .
Finally, the uniformity of plant ßowering in a Þeld may inßuence herbivore and parasitoid activity. Agricultural sunßower populations ßowered more synchronously over an abbreviated time than did native sunßowers. Also, agricultural sunßower habitats experience higher levels of disturbance, including postharvest tilling. Therefore, each generation of H. electellum and its associated parasitoid complex must colonize new agricultural habitats across the landscape. Furthermore, there are time constraints on successful host location; parasitoids need to immigrate into ßowering agricultural Þelds while larval hosts are still in the developmental window of vulnerability (Craig et al. 1990 ). Parasitoids of H. electellum may be poor colonizers of ephemeral sunßower habitats, because parasitoid activity was drastically reduced at the Stone Lake Wildlife refuge the year following the sunßower population crash. It is therefore possible that the ephemeral nature of agricultural habitats may be a barrier for parasitoid utilization of agricultural pests.
Homoeosoma electellum does not appear to be regulated in North America by native parasitoids on agricultural ßowers (Charlet 1999) , but this study suggests that they are more important in native sunßower habitats. The two major parasitoids in this study, D. homoeosomae and P. spinator, also had a lower impact on agricultural sunßowers than wild sunßow-ers in Texas (Teetes and Randolph 1969) . Although D. homoeosomae had the largest impact on H. electellum populations in this study and is widespread throughout North America and introduced into Cuba (Satterthwait and Swain 1946 , Beregovy 1985 , Sharkey et al. 1987 , Charlet 1999 , it does not appear to control H. electellum populations in any region where it has been studied on agricultural sunßowers (Satterthwait and Swain 1946, Teetes and Randolph 1969 ). Parasitoids of H. electellum in California may be poorly adapted to conditions in agricultural habitats, because agricultural sunßowers have been grown in the San Joaquin Valley for Ͻ100 yr (Carlson 1967) . Therefore, we suggest that parasitoid regulation may be disrupted in agricultural habitats by either crop domestication or the conditions of cultivation. Further investigation of the factors identiÞed in this study may determine their direct role in determining trophic interactions. Additional studies on crop domestication, nutrient availability, and plant phenology may help explain why herbivores are more abundant in agricultural systems. Partitioning the relative plant genotypic and environmental effects on higher trophic levels would require assessing wild and domesticated genotypes in native and agricultural habitats (Welter 2001) .
This study has implications for biological control efforts. Classical biological programs may use parasitoids collected from native vegetation where herbivores are less abundant, which are then released in agricultural systems. Transition to agricultural habitats may limit parasitoid success in classical biological control programs. Comparing trophic interactions on domesticated plants and their wild ancestors in the region of origin and in the target region may help partition the causes of biocontrol failures among changes in host plant characteristics, habitat structure, and environmental attributes.
We suggest that future research should continue to compare agricultural and native habitats, determine the factors that limit natural enemy activity, and to use this information to direct future pest management approaches. If natural enemies are unable to adapt to particular plant characteristics, breeding programs may develop crop plants that enhance parasitoid activity. If agricultural system characteristics upset natural enemy activity, then growers may choose to modify cultural practices to lower pest infestation levels. Further research may promote greater understanding of the factors limiting effective herbivore regulation in agricultural systems.
